Sequence data for internal transcribed spacer (ITS) and partial external transcribed spacer (ETS) regions were combined in a phylogenetic analysis with previously obtained plastid DNA restriction site data to provide a comprehensive molecular phylogenetic hypothesis for derived members of subtribe Helianthinae. Analyses of the two molecular datasets provided conflicting evidence on relationships among some groups, supporting the hypothesis that hybridization has played a significant role in the divergence of the subtribe. A revised generic-level classification is presented that divides the approximately 350 species of the subtribe among 21 genera. The paraphyletic Viguiera is narrowed to embrace only the type species, V. dentata. Four newly described genera, Dendroviguiera, Gonzalezia, Heiseria and Sidneya, are composed of species formerly included in Viguiera. Aldama is expanded to include 118 species extending from southwestern North America and Mexico to South America. This requires 116 new combinations, including 58 that were recently transferred into Rhysolepis, which is a synonym of Aldama, based on molecular phylogenetic results. One species of Viguiera is transferred to Tithonia, and two combinations in Hymenostephium are validated.
INTRODUCTION
A general solution to the problem of reassorting the paraphyletic Viguiera Kunth (Robinson, 1977; Schilling & Jansen, 1989) and other members of subtribe Helianthinae into monophyletic units for generic-level recognition has remained elusive. Molecular data have provided strong evidence for recognizing the earliest branching lineages of the subtribe at the generic level, although not all of these are strongly differentiated morphologically (Schilling & Panero, 2002) . For the derived lineages of the subtribe, however, there is the additional complication that the analysis of plastid and nuclear sequence data produces phylogenetic trees that are not congruent (Schilling & Panero, 1996b) .
Helianthinae includes a number of well-known species that have been the focus of evolutionary studies or are commercially important, and a sound, phylogenetically based, classification is critical for a better understanding of their biology. For example, studies have highlighted the importance of hybridization at the diploid level in generating diversity in Helianthus L. (Rieseberg et al., 2003) , the genus is the source of a promising pharmaceutical (Mylne et al., 2011) , and the origin of the agronomically significant domesticated sunflower, H. annuus L., has long been a subject of debate (Harter et al., 2004) . The extreme morphological modification in Lagascea Cav. that generates one-flowered heads has been the subject of close investigation (Harris, 1994) . Scalesia Arn. is a significant component of the vegetation of the Galápa-gos Islands (Eliasson, 1974; Schilling, Panero & Eliasson, 1994; Bisconti et al., 2001; Nielsen et al., 2003) . The striking divergence between the herbaceous, rosette-forming, Iostephane Benth. and the woody members previously classified as Viguiera section Maculatae (S.F.Blake) Panero & E.E.Schill. (Schilling & Panero, 1991) , supported further by the results presented here, still warrants further investigation.
The current study was undertaken to complete the survey of variation in internal transcribed spacer (ITS) sequences in Helianthinae (Schilling & Panero, 2002 , and to combine the resulting data with information from a partial data matrix of external transcribed spacer (ETS) sequences, plastid DNA results and morphology to provide a comprehensive estimate of relationships of the derived lineages of the subtribe. Sampling was extended to include all genera of Helianthinae and all of the major infrageneric units (at the level of series and above) of Viguiera as delimited by Blake (1918) . A revised generic-level classification is proposed, based on the resulting estimates of phylogenetic relationships.
MATERIAL AND METHODS
ITS sequences were obtained for 65 accessions representing 54 taxa of Helianthinae to add to previously published sequences from the subtribe (Appendix). Placeholder sequences were utilized for groups that had been analysed previously, including the early branching lineages (Schilling & Panero, 2002) , Helianthus and Phoebanthus S.F.Blake (Schilling & Panero, 1996a) and Davilanthus E.E.Schill. & Panero, Tithonia Desf. ex Juss. and Simsia Pers. (Schilling & Panero, 2010) . Partial ETS sequences were also obtained for 63 accessions representing 62 ingroup taxa and one outgroup (Appendix; many of the species are renamed here; see the Taxonomic Treatment section below for the authors). DNA extraction, polymerase chain reaction (PCR) and sequencing protocols followed Schilling & Panero (2010) . The primers used for ITS were ITS-4 (5′-TCCTCCGCTTATTGA TATGC-3′) and ITS-5 (5′-GGAAGTAAAAGTCGTAAC AAGG-3′; White et al., 1990) . Amplification and sequencing reactions for the ETS region were performed using the 18-S-ETS (5′-ACTTACACATGCA TGGCTTAATCT-3′) primer of Baldwin & Markos (1998) , coupled with the Ast-1 primer of Markos & Baldwin (2001) (5′-CGTAAAGGTGTGTGAGTGGTTT-3′). Sequences were prepared utilizing the ABI Prism Dye Terminator Cycle Sequencing reaction kit and run at the University of Tennessee Automated Sequencing Facility on an ABI 3100 DNA sequencer (PerkinElmer Inc., Foster City, CA, USA). Sequence alignment was performed manually. GenBank accession numbers are provided in the Appendix.
A dataset of 132 plastid DNA restriction site characters was taken from Schilling & Panero (1996a) . Data were available for many but not all species. Each character represents the presence or absence of a restriction site.
DATA ANALYSIS
Phylogenetic relationships were analysed using both maximum parsimony and Bayesian approaches, implemented with the computer programs PAUP* 4.0b10 (Swofford, 2003) and MrBayes 3. 1.2 (Huelsenbeck & Ronquist, 2001 ). For maximum parsimony, a heuristic search with 1000 random addition replicates and with tree bisection-reconnection (TBR) branch swapping was used, with gaps treated as missing data. Bootstrap analysis (Felsenstein, 1985) was performed with 1000 replicates using the 'Faststep' search strategy. Bayesian analysis was run for a million generations with four separate chains and trees saved every 1000 generations. The number of trees to discard as 'burn-in' was assessed by plotting likelihoods of trees sampled throughout the run and discarding all trees prior to the stable likelihood plateau (in this case, the first 15% were discarded). An appropriate maximum likelihood model of sequence evolution (GTR + I + G; General Time Reversible model with a proportion of invariant sites and gamma-distributed rates) for the Bayesian analysis was chosen using jModeltest (Guindon & Gascuel, 2003; Posada, 2008) . Plastid DNA restriction site data from Schilling & Panero (1996a) were available for 56 of the 63 samples represented in the ITS/ETS dataset and the outgroup, and these were analysed separately using maximum parsimony and bootstrap approaches. A partition homogeneity analysis of the ITS/ETS and plastid datasets was run using PAUP.
RESULTS
The ITS region in newly analysed samples of Helianthinae was 639-653 base pairs (bp) in length. Alignment did not present any issues, and most gaps were short insertions or deletions found in single samples. All samples of Viguiera dentata (Cav.) Spreng. were characterized by a 13-bp deletion in the ITS2 region. Other groups characterized by indels included Aldama fruticosa/Aldama glomerata (Alvordia Brandegee) + Aldama purisimae (4-bp deletion in ITS2), Simsia/Davilanthus (1-bp deletion in ITS2), Davilanthus (1-bp deletion in ITS1) and Pappobolus S.F.Blake, Heiseria, Syncretocarpus S.F.Blake and Scalesia (1-bp deletion in ITS2).
The ITS sequence of most samples was unambiguous and contained fewer than four polymorphic bp positions. A few samples gave sequence results that were polymorphic for at least one indel and for multiple bp positions. By comparison with other samples, these could be inferred to be of hybrid origin. These included Gonzalezia rosei, Aldama brandegei (Alvordia) and a sample of Dendroviguiera. The polymorphisms in the sequence for G. rosei appeared to stem from a combination of the sequences from G. decurrens, which has an autapomorphic 14-bp deletion, and G. hypargyrea, although the pattern of polymorphisms was not exact for this combination. Similarly, the electropherogram obtained for a sample of A. brandegei had both indel and bp polymorphisms characteristic of a hybrid origin, and, on the basis of its reported high chromosome number (Carter, 1964; Strother & Panero, 1994) , it is likely to be an allopolyploid. A sample that had been identified when collected as a probable hybrid between Dendroviguiera eriophora and D. oaxacana had an ITS pattern that had the polymorphisms expected from an exact combination of the sequences found in the two parents, including a polymorphism at the site of a 4-bp insertion autapomorphic for D. oaxacana (data not shown). Samples with extensive polymorphisms were not included in the phylogenetic analysis.
The results of the Bayesian analysis of ITS sequences for a comprehensive dataset of Helianthinae are shown in Figure 1A -C. The consensus tree from parsimony analysis was nearly identical, but statistical support for individual nodes was lower. Above the previously documented early branching groups, Calanticaria (B.L.Rob. & Greenm.) E.E.Schill. & Panero, Bahiopsis Kellogg and Heliomeris Nutt., the remainder of the subtribe formed a well-supported clade (0.96/85%). Within the derived group, there was a split between a group that included all samples of V. dentata, , and another with the remainder of the subtribe (1.0/86%). Within the first group, one species of Dendroviguiera, D. sylvatica, was placed in a clade with V. dentata, albeit with weak support (0.86/-). The samples of V. dentata formed a strongly supported clade (1.0/100%), with some of the samples included in two subclades (0.89/56% and 1.00/83% (Fig. 1A) .
In the sister clade to Viguiera/Dendroviguiera/ Iostephane (Fig. 1A) , there was an initial split that separated the samples of Helianthus + Phoebanthus (1.00/99%). At the next level (Fig. 1B) , there was a trichotomy, with one branch including the samples of Sidneya (1.00/70%), a second including those of Gonzalezia (1.00/82%) and the third with all remaining samples (0.98/-).
At the next level, there was another trichotomy, with each branch receiving posterior probability ranging from 0.65 to 1.00, but no bootstrap support. The first branch (Fig. 1B) For a subset of the samples, sequences were obtained for the initial part of the ETS region. As with the ITS region, there was little length variation within subtribe Helianthinae and alignment was straightforward. All samples of the subtribe exhibited a 73-bp deletion near the beginning of the ETS region relative to the outgroup, Zaluzania grayana B.L.Rob. & Greenm., and to all other samples of Heliantheae for which ETS data are available in GenBank. The sequence of this region, however, suggested that it actually represented a duplication for the nonHelianthinae samples of Heliantheae. Excluding the 73-bp deletion, the aligned length of the ETS region analysed for Helianthinae was 425 bp.
The tree obtained from Bayesian analysis of the combined ITS/ETS dataset is shown in Figure 2 . Also shown in this figure for comparison is the tree obtained from plastid DNA restriction site analysis (Schilling & Panero, 1996a) . The ITS/ETS and plastid datasets were shown to be incongruent (P < 0.01) using the partition homogeneity analysis in PAUP, and were thus analysed separately. The tree obtained with the ITS/ETS dataset was almost identical in topology to that obtained from ITS alone. The major DERIVED LINEAGES OF HELIANTHINAE 313 difference was the placement of D. sylvatica, which was placed as the sister to D. puruana rather than in a clade with the samples of V. dentata. There were several notable areas of disagreement in the placement of samples or groups of samples between the plastid-and ITS/ETS-based trees. These all involved species that were in the more derived branches of the tree, above the split of the Helianthus/Phoebanthus lineage. The clade that included the South American Pappobolus/Syncretocarpus/Scalesia lineage was placed in the plastid tree as the first diverging branch above Helianthus + Phoebanthus, rather than being embedded higher up as part of the trichotomy with Aldama and Tithonia/Lagascea/Simsia/Davilanthus. Neither A. canescens nor A. cordifolia was placed with the Pappobolus clade, but rather they were separated with A. canescens sister to a clade of South American Aldama, and A. cordifolia in a clade with the Gonzalezia samples. The plastid DNA-based tree had a major split between one lineage that included all Simsia spp. (except S. dombeyana DC.) and a second that contained all Davilanthus spp.; Aldama spp. were split between these two clades, as were Tithonia spp. Clades that were strongly supported in both plastid and ITS/ETS trees, but were placed in different parts of the tree, included Sidneya, Gonzalezia and Lagascea.
DISCUSSION
The analysis of an expanded set of ITS sequences for Helianthinae and a subset for which partial ETS sequence data were added helped to clarify some, but not all, of the problems of phylogenetic relationships within the subtribe. In general, the ITS and ITS/ETS sequence data provided additional information to characterize many of the groups that are recognizable from morphology or from previous plastid DNA analyses. There remain, however, a number of points of striking incongruence between the ITS/ETS and plastid DNA results (Fig. 2) . This incongruence is found primarily in the derived lineages of the subtribe, which also exhibit a large amount of species-level diversity of the subtribe, and thus invites the search for a possible causal relationship. The lack of concordance among trees based on ITS/ETS and plastid sequences and the incomplete concordance with morphological observations make decisions on how to erect a generic-level taxonomy somewhat arbitrary, but the results show clearly that changes must be made to the existing classification.
Almost all of the incongruence between ITS/ETS and plastid DNA results was present in the more derived lineages of the tree, particularly above the split between V. dentata + Dendroviguiera/Iostephane and the remainder of the tree (Fig. 2) . Below this split, the majority of species are woody, but above this 
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split over half of the species are herbaceous (Fig. 2) , and many occur in disturbed or successional habitats. This suggests that a fundamental shift to the herbaceous perennial habit occurred, probably correlated with the drying and cooling of the environment during the Pliocene (Ravelo et al., 2004 , which would have led to an expansion of the relatively open grassland and savanna habitats (Retallack, 2001; Ström-berg & McInerney, 2011) favoured by many derived Helianthinae. Associated with this shift is an apparent increase in hybridization, between both congeneric species, as has been well documented for Helianthus (e.g. Heiser et al., 1969; Kane et al., 2009) , but also between lineages that had already begun to diverge significantly, such as Simsia and Tithonia (Schilling & Panero, 1996b) . The possibility for wide hybridization to be successful may have been enhanced by the stability in chromosome number (x = 17) that is achieved in the derived clade (Fig. 2) .
A further striking feature of divergence in Helianthinae is the movement of the subtribe out of the region of northwest Mexico, where most of the early diverging lineages occur, to colonize other areas, not only in Mexico but also extending into both North and South America (Fig. 2) . Invasion into eastern North America is limited to the sister genera Helianthus and Phoebanthus, which together have > 50 species. In contrast, several lineages appear to have penetrated and diversified in South America, and two different lineages have produced high levels of species diversity. One with > 50 species includes Pappobolus, Scalesia, Syncretocarpus and Heiseria, and is shown by the ITS and ITS/ETS data (although not plastid DNA data) to be sister to the Mexican A. canescens (V. potosina) and A. cordifolia. The second is clearly derived from within Aldama, and includes > 70 species in South America that occur in diverse habitats ranging from the cerrado and campo rupestre regions of Brazil (Schilling et al., 2000; Magenta, Pirani & Mondin, 2010) to the montane areas of the Andes from Ecuador to Chile and Argentina and in the savannas and grasslands of Argentina (Sáenz, 1979) . This is an amazing radiation that deserves further study, especially in the light of the relatively short time during which it has been suggested to have occurred (Schilling et al., 2000) .
The lack of concordance between nuclear and plastid markers appears to provide evidence for the importance of phylogenetic reticulation through hybridization in diversification of the subtribe. This phenomenon has previously been suggested for the striking nonconcordance of ITS and plastid DNA trees in Simsia and Tithonia (Schilling & Panero, 1996b) . The studies of Rieseberg (e.g. Rieseberg et al., 2003) have clearly documented the importance of interspecific hybridization in generating new species within a genus. The results of Timme, Simpson & Linder (2007) for ETS sequences from Helianthus provide further evidence that interspecific hybridization is widespread in Helianthinae. Additional examples are noted in the current study for Gonzalezia and Dendroviguiera. Although naturally occurring intergeneric hybrids have not been documented, Cristov & Panayotov (1991) , Reyes-Valdés et al. (2005) and Luévanos-Escareño et al. (2010) have produced crosses between Helianthus and Tithonia, showing that hybridization at this level of divergence could occur. Hybridization thus appears to be more widespread than previously recognized as an evolutionary phenomenon contributing to divergence in the subtribe.
The phylogenetic results suggest that features of the heads have been subject to homoplasy or extreme modification. For example, the syndrome involving reduction to one-to few-flowered, clustered heads appears to have developed independently at least three times: in Calanticaria (González Elizondo, González Elizondo & Rzedowski, 2000) , Lagascea (Harris, 1994) and Aldama (Alvordia; Carter, 1964) . Similarly, the development of paleae that have stiff, attenuate, elongate tips has occurred in Heliomeris, Viguiera, Aldama and Tithonia. The highly modified paleae that led previously to narrow delimitations of both Aldama and Rhysolepis appear in each case to involve autapomorphic changes. The collective pattern is that there is significant evolutionary pressure on the heads, which is probably the result of the activities of seed predators. Seed predation has been documented to be severe in Asteraceae (Pilson, 2000; Prado et al., 2002) , and we have often noted extensive damage to developing cypselae in many Helianthinae.
Erecting a generic-level classification for Helianthinae on the basis of the molecular phylogenetic results is challenging because of the lack of consensus for the placement of some species or groups of species. Even more difficult is the task of preparing a key to distinguish groups selected for recognition because of the numerous exceptional cases in which even groups well supported by molecular data lack unambiguous morphological synapomorphies to define them. For example, Helianthus appears to be clearly monophyletic, on the basis of molecular results, and is mostly characterized by a caducous pappus and trilobed paleae. The species H. porteri, however, which is clearly a Helianthus on the basis of molecular and genetic data (chromosome number and crossing results), completely lacks a pappus and has unlobed paleae; its morphology is so similar to that exhibited by species of Heliomeris that a dissertation study examining it closely came to the conclusion that it should be retained in Heliomeris (Storbeck, 1985) . One solution to the problem of generic delimitation would be to place many or all of the species of the subtribe in a single large genus. This would, however, obscure the considerable morphological variation that occurs in the subtribe, and would also simply shift the problem to the next level in recognizing infrageneric taxa. The classification proposed here is viewed as a provisional attempt to recognize groups that can be the focus of more detailed study, the results of which may suggest modifications or realignments. Individual lineages that are suggested for generic recognition are discussed below, and a key to genera and taxonomic adjustments follows.
VIGUIERA S.S
The suggestion made initially by Robinson (1977) that the circumscription of Viguiera could be narrowed to this single species appears to be the most accurate way to reflect the phylogenetic hypotheses generated by molecular analyses (Figs 1 and 2) . Viguiera dentata has special nomenclatural status as the type species of Viguiera, and is quite distinctive in both morphology and at the molecular level. Morphologi-cally, V. dentata has a distinctive apomorphy as the only species of Helianthinae with conspicuously pubescent anther filaments (Robinson, 1977) . The ITS results were congruent with plastid DNA results in placing it as one of the relatively early diverging clades of Helianthinae (Figs 1 and 2) . In addition to sequence differences, all 12 samples of V. dentata that were analysed exhibited a distinctive 13-bp deletion in the ITS2 region. Plastid DNA data had earlier shown this species to be highly distinctive (Schilling & Jansen, 1989; Schilling & Panero, 1996a) . In contrast with the plastid DNA results, there was intraspecific variation for ITS and ETS sequences which divided the samples of V. dentata into two or more groups (Figs 1 and 2) . There was not, however, an easily discernible correlation with the morphological features, such as leaf pubescence and prominence of the paleae, which have been used to split this group into multiple species. A more detailed study of variability is needed to assess whether this widespread entity contains more than a single species.
DENDROVIGUIERA (VIGUIERA SECTION MACULATAE)
AND IOSTEPHANE The ITS results supported the distinctiveness of the woody group previously recognized as Viguiera section Maculatae (Panero & Schilling, 1988) and its seemingly improbable close, sister group, relationship to the herbaceous, rosulate Iostephane (Schilling & Panero, 1991) . Continued recognition of Iostephane, which is quite distinctive morphologically (Strother, 1983) , requires the recognition of Viguiera section Maculatae at the genus level and is proposed here. Although Dendroviguiera + Iostephane were placed near V. dentata, there was only limited support in the ITS data and none in the ITS/ETS data (Figs 1 and 2) for the collective monophyly of these suggested by plastid DNA restriction site data ( Fig. 2 ; Schilling & Jansen, 1989; Schilling & Panero, 1996a) . The placement of the Costa Rican D. sylvatica varied slightly between the ITS-based tree, where it was placed with V. dentata, albeit with low support, and the ITS/ETSand plastid-based trees, where it was placed within Dendroviguiera (Fig. 2) . It is included here in Dendroviguiera, but the analysis of its relationships requires further study.
HELIANTHUS + PHOEBANTHUS
Helianthus and Phoebanthus are the only two genera of Helianthinae that have native geographical distributions primarily or exclusively in eastern North America and, on the basis of both ITS and plastid DNA results (Schilling & Panero, 1996a; Schilling et al., 1998) , they formed a strongly supported lineage that is the sister group to the rest of the terminal clade (Figs 1 and 2) .
SIDNEYA (VIGUIERA SERIES PINNATILOBATAE)
The placement and monophyly of Sidneya were supported by both ITS/ETS and plastid DNA data (Figs 1 and 2) . Morphologically, this is a wellmarked group characterized by a shrubby habit with pinnately lobed leaves and small, epappose cypselae.
GONZALEZIA (VIGUIERA SECTION HYPARGYREA)
The species of Gonzalezia formed a well-supported clade in both the ITS and plastid DNA trees (Figs 1  and 2 ). Morphologically, Gonzalezia can be distinguished by its robust herbaceous habit, leaves that are silky or tomentose abaxially, and heads that are solitary or few, and relatively large. The ITS and ETS results showed that G. rosei is of a probable hybrid origin involving the other two species, based on the pattern of base and indel polymorphisms.
AND ALVORDIA) Aldama is expanded as the oldest available generic name to accommodate a group of species that include various infrageneric taxa of Viguiera and three other genera, Alvordia, Rhysolepis and Stuessya, and were placed together in a terminal clade in the ITS and ITS/ETS results (Figs 1 and 2) . Although there is no unambiguous morphological apomorphy to define Aldama, most of its species are herbaceous perennials with a stiff, upright habit. The genus that results is still possibly paraphyletic or even polyphyletic, but the conflict between the ITS and plastid DNA results raises the likelihood that it will be difficult unambiguously to discriminate smaller clades for recognition as genera. As originally defined, Aldama included two species that were characterized morphologically by having paleae that completely enclosed the associated cypselae at maturity (Feddema, 1966 (Feddema, , 1971 Harriman, 1989) . The molecular phylogenetic results suggested that this syndrome is autapomorphic.
Perhaps the most surprising result from the ITS/ETS data was the extremely close similarity between Aldama spp. formerly placed in Alvordia and Aldama purisimae (Viguiera purisimae Brande-DERIVED LINEAGES OF HELIANTHINAE 319 gee). The only apparent unifying theme for these species is geography, as they occur primarily in the Baja California peninsula. The four species formerly placed in Alvordia are characterized by the reduction of heads to one or a few flowers and their condensation into secondary heads (Carter, 1964; Turner, 1998) , but molecular phylogenetic results suggested that this lineage is embedded within Aldama (Figs 1 and 2) .
The two molecular datasets provided conflicting evidence for the phylogenetic placements of A. cordifolia (V. cordifolia) and A. canescens (V. potosina), for which morphological data offer little insight. These two species were placed together with strong support in the ITS/ETS tree ( Figs 1C and 2) , and as sister to the group containing Pappobolus, Scalesia and Syncretocarpus. In contrast, the species were placed in separate parts of the plastid DNA tree, where A. cordifolia was placed sister to Gonzalezia as part of a larger clade that included Simsia and some species of Aldama and Tithonia, and A. canescens as sister to a clade with South American members of Aldama (Fig. 2) . Morphologically, the stiff herbaceous habit of A. cordifolia is similar to many other species of Aldama, where it is provisionally placed. In contrast, A. canescens is morphologically quite distinctive, with long pubescent petioles and narrow cylindrical heads, and further study may show the desirability of segregating it as a separate genus.
DAVILANTHUS AND SIMSIA
The sister group relationship of Davilanthus and Simsia was the focus of Schilling & Panero (2010) , and no further nomenclatural adjustments are needed.
TITHONIA AND LAGASCEA Schilling & Panero (1996b presented comprehensive data on the relationships of Tithonia and Lagascea to one another, and to Simsia and Davilanthus. Lagascea is a small genus characterized by reduction and condensation of its heads into tertiary units (Stuessy, 1978; Harris, 1994) , and a close relationship to Tithonia is not suggested by morphology. The close sister group relationship of T. paneroi (V. paneroi) and T. tubaeformis (Figs 1 and 2) suggests that the former be transferred to Tithonia, despite the lack of the fistulose peduncle that otherwise characterizes Tithonia.
PAPPOBOLUS, SCALESIA, SYNCRETOCARPUS
AND HEISERIA Pappobolus, Scalesia and the small Andean genus Syncretocarpus formed a monophyletic group based on the ITS/ETS results ( Fig. 1 ), in agreement with previous results from plastid DNA data (available only for Pappobolus and Scalesia; Schilling et al., 1994) . Surprisingly, the two Andean species formerly placed in Viguiera as subseries Pusillae S.F.Blake [V. pusilla (A.Gray) S.F.Blake and V. simsioides S.F.Blake ; Blake, 1918] were also included in this clade, as sister to Pappobolus (Figs 1 and 2 ). The subseries, characterized among South American species of the subtribe primarily by annual habit, is elevated here to Heiseria. There was an overall low level of sequence divergence within Pappobolus which suggests that, despite having a relatively large number of species (Panero, 1992) Blake, Contr. Gray Herb. n.s. 54: 62, 1918 . -Viguiera section Maculatae (S.F.Blake) Panero & E.E.Schill., Syst. Bot. 13: 377, 1988 The taxonomy of Dendroviguiera was thoroughly covered as Viguiera section Maculatae in Panero & Schilling (1988) , and additional discussion is not needed. The only species added is Dendroviguiera sylvatica, which extends the range of the genus to Costa Rica. The following combinations are required. Blake, Contr. Gray Herb. n.s. 54:59. 1918 . -Type species: Gonzalezia hypargyrea (Greenm.) E.E.Schill. & Panero (=Viguiera hypargyrea Greenm.) Coarse, erect perennial herbs, 0.6-1.0 m tall; stems densely pubescent; leaves alternate, sessile, blades 4-22 cm long, 1-8 cm wide, triplinerved or penninerved, lanceolate to lance-ovate, densely pubescent abaxially and with numerous subsessile glandular trichomes ('resin dots'), apices acute to acuminate, base rounded to clasping or decurrent along stem, margin entire; heads terminal, solitary, campanulate to hemispherical, discs 25-40 mm across and 15-27 mm high, on pubescent 1.0-10.5-cm-long peduncles; phyllaries about 30, in two or three slightly graduated series, the outer series often surpassing disc, inner series appressed, oblong to elliptical, acuminate, pubescent; ray flowers 13-18, corolla dull brownish orange to golden yellow, limb ovaloblong, 10-20 mm long, 1.6-5.0 mm wide, abaxially pubescent and with subsessile glandular trichomes, tube 2.0-2.5 mm long, sparsely pubescent; disc flowers 125-250, corollas yellow-orange to yellow or dull orange-brown, tube essentially glabrous, 0.7-1.0 mm long; throat cylindrical, 1-2 mm long, sparsely pubescent, lobes deltoid, glabrous or pubescent, 0.8-1.0 mm long; anthers dark brown, 1.5-2.0 mm long, appendages yellow, lanceolate, 0.5-0.8 mm long; styles 2-3 mm long; paleae oblongrectangular, 7-9 mm long, with acute or truncate apices, abaxial surfaces moderately to densely pubescent, adaxial surfaces glabrous, partly folded about cypselae; disc cypselae oblong or obovate, 5.5-7.0 mm long, pubescent, with a pappus of two awns and 3-12 deeply lacerated squamellae, awns 2.0-4.5 mm long, squamellae unequal, 0.2-1.5 mm long; ray ovaries trigonal, 1.5-2.5 mm long, pubescent, pappus a ring of squamellae, 0.3-0.5 mm long. Chromosome number, x = 17.
The genus name honours Socorro González Elizondo for her many botanical contributions that have increased our understanding of the diversity and distribution of the flora of the state of Durango in northwest Mexico and in the family Cyperaceae.
Gonzalezia is a genus of three species of robust herbaceous perennials, characterized by alternate, sessile, entire and penninerved or weakly triplinerved leaves, which are densely pubescent abaxially and have subsessile glandular trichomes on both leaves and rays, solitary or a few large heads, and a pappus that is present on both disc and ray flowers. It is most similar to some Tithonia spp., which differ by having the peduncle fistulose and the abaxial leaf surface subglabrous or at most pilose, and to some Aldama spp., which were formerly placed in Viguiera subgenus Amphilepis, most specifically A. excelsa and A. pachycephala, and differ in having leaves with triplinerved venation and a setose-hispid pubescence on the abaxial surfaces of the leaves. The species of Gonzalezia occur in northwestern Mexico, ranging from Zacatecas to Durango and Chihuahua. Molecular data suggest that G. rosei is of hybrid origin, probably descended from some combination of the other two species or their precursors. The chemistry of Gonzalezia and, in particular, of G. decurrens, has been of interest, in part because of the use of the latter as a fish poison by indigenous Mexican peoples (Wollenweber et al., 1995; Marquina et al., 2001 .) The only published chromosome count is for G. decurrens (Keil & Pinkava, 1976, as Viguiera decurrens) and suggests that the genus has the base number of x = 17, typical of derived Helianthinae.
KEY TO SPECIES OF GONZALEZIA
in cymose panicles, hemispherical, 6-20 mm across and 6-12 mm high, on densely pubescent 2-5-cm-long peduncles; phyllaries 15-30, in two or three series, 4-13 mm long, appressed, obovate, indurated at base, sparsely to moderately pubescent, somewhat greenish, apices free, herbaceous and slightly narrowed; ray flowers 13-18, corolla golden yellow, limb ovaloblong, 6-15 mm long, moderately pubescent and with subsessile glandular trichomes along abaxial veins, tube 0.9-2.0 mm long, sparsely to densely pubescent; disc flowers 70-100+, tightly packed, corollas yellow-orange, tube pubescent and sometimes glandular, widening to form a cap over the cypsela, 0.4-1.1 mm long, throat widened abruptly above tube, subcylindrical, 1.6-2.3 mm long, sparsely pubescent, lobes pubescent, 0.5-0.8 mm long; anthers dark brown, 1.3-1.5 mm long, appendage ovate to lanceolate, 0.3-0.5 mm long; styles 3-4 mm long; paleae elliptical or oblong-rectangular, 4-5 mm long, with shortly acuminate apices, pubescent abaxially mainly along the midrib; disc cypselae black, obovate, 1.7-3 mm long, glabrous and epappose; ray ovaries trigonal, 1.8-3 mm long, glabrous and epappose.
Chromosome number, N = 17, 34. The genus name honours Sidney F. Blake, monographer of Viguiera and long-time student of Asteraceae systematics. Blake (1918) first recognized the distinctiveness of the lineage formed by Sidneya when he segregated the species of his Viguiera series Pinnatilobatae from among epappose elements that had been grouped under Gymnolomia or Heliomeris. Molecular studies supported both the monophyly and distinctiveness of this lineage (Figs 1 and 2) . Morphologically, Sidneya is characterized by its shrubby habit, pinnately lobed leaves, disc flower corollas which are broadened at the base to form a cap over the apices of the cypselae, and glabrous, epappose cypselae. Blake (1918) included four species in Viguiera series Pinnatilobatae, three of which are considered here to form a single species, S. pinnatilobata, which occurs in the states of Oaxaca and Puebla, Mexico. The transfer of the other species of the genus unfortunately results in the need to abandon a widely used species epithet in favour of that under which it was originally described (in Heliomeris). This species, Sidneya tenuifolia, has been documented to include both diploid and tetraploid cytotypes (Butterworth, 1975) , and it is morphologically variable, particularly in leaf shape; no correlation has been demonstrated, however, between chromosome number and morphology.
Sidneya pinnatilobata (Sch. 
